This paper describes the isolation of five phytoconstituents from Marlierea tomentosa. The triterpenes α-amyrin (1) and β-amyrin (2), and the flavonoids quercitrin (3) and isoquercetin (4), were isolated from the leaves. The branches afforded the triterpene arjunolic acid (5). The antinociceptive activity of crude extract, fractions and compound 5 were tested using the writhing and formalin tests in mice. The crude extract, some fractions, particularly dichloromethane and butanol (leaves), ethyl acetate (branches) and arjunolic acid (5) (81.2% inhibition) were more active against the writhing test than the two reference drugs, acetylsalicylic acid and indomethacin.
introdUCtion
The genus Marlierea belongs to the Myrtaceae family and grows in tropical and subtropical areas. The Myrtaceae family includes around 140 genus and 3000 species. 1 Some studies of the genus Marlierea show that these plants are a rich source of bioactive compounds, especially flavonoids. In the leaves of M. grandifolia, for example, the presence of flavonoids quercetin and quercetrin was reported, as well as other phenolic compounds.
1 Marlierea tomentosa Camb. is commonly known in the South of Brazil as guaparanga, garapuruva or garapuruna. Its leaves are used sometimes in folk medicine to treat several disorders, including pain and infections.
In the present study, we have analyzed the chemical composition of M. tomentosa leaves and branches and examined the possible analgesic effects of some fractions (hexane, dichloromethane, ethyl acetate and butanol) and of one isolated component, arjunolic acid (5) using the writhing and formalin tests in mice. In addition, we have included, for the purposes of comparison, the results of two reference drugs, acetylsalicylic acid and indomethacin.
resUlts and disCUssion
In order to isolate the main active principles present in M. tomentosa, the crude methanolic extract obtained by maceration with methanol, from the leaves, was partitioned with solvents of increasing polarities: n-hexane, dichloromethane, ethyl acetate and butanol, respectively.
The hexane and dichloromethane fractions were combined to furnish the triterpenes α-amyrin (1) and β-amyrin (2) at a proportion of proportion 7:3, evidenced on the basis of NMR spectroscopic data interpretation. The ethyl acetate fraction led to the isolation of two known flavonoids, identified as quercitrin (3) and isoquercetin (4) . Similarly, the crude extract from the branches furnished the same fractions as those indicated above, but only the hexane fraction has been studied so far, furnishing the triterpene arjunolic acid (5) . All the isolated compounds were identified on the basis of analyses of melting point, IR spectra, 1 H and 13 C NMR spectra which are identical to those reported in the literature. Compounds (1-4) were confirmed by co-TLC with authentic samples.
The triterpenes α-amyrin (1) and β-amyrin (2) are common in plants and these compounds previously demonstrated several types of biological effects, including antinociceptive, 2 gastroprotective 3 and antiinflammatory 4 properties. Recent studies indicate that this mixture inhibits visceral nociception, as well as attenuating capsaicin-induced acute pain. 5, 6 The biological actions of flavonoids quercitrin (3) and isoquercetin (4) are well-documented, and some studies conducted at our laboratories have shown analgesic effects in distinct animal models of nociception. [7] [8] [9] Triterpene arjunolic acid (5) was previously isolated from other plants of the genus Myrtaceae, including Eugenia florida 10 and Melaleuca alternifolia, 11 and a few biological properties are cited in the literature. [12] [13] [14] [15] [16] Table 1 shows the results of analgesic activity of extract and fractions from M. tomentosa (leaves and branches) against the writhing test, administered intraperitoneally, at 10 mg/kg, which indicates that some of them exhibit pronounced effects. The most promising result was demonstrated by dichloromethane fraction, which caused inhibition of 91.1 ± 3.2%, whereas the reference drugs acetyl salicylic acid and indomethacin, caused inhibition of just 18.0 ± 4.0 and 45.7 ± 2.0%, respectively, in the same model and dose.
Considering that the main substances evidenced in the leaves were already described in literature regarding their analgesic potential, like compounds α-amyrin (1), β-amyrin (2), and the flavonoids quercitrin (3) and isoquercetin (4), we have not included these compounds in this study. For this reason, the arjunolic acid (5) was evaluated here against two classical models of pain in mice: writhing and formalin tests. It produced potent analgesic action in different animal models in vivo when administered intraperitoneally. When evaluated against the writhing test, compound (5) caused a high level of inhibition (81.2%) at 10 mg/kg (i.p.) (Table 1) , whereas the reference drugs were less active in the same dose and pharmacological model. Facundo and coworkers 17 verified that 5 obtained from Combretum leprosum exhibits anti-inflammatory, anticholinestereasic and antinociceptive activities. Regarding the last one, it inhibited the acetic acid-induced constrictions by 30.3 at 10 mg/kg, via oral, which extend our observations about the analgesic profile of this compound.
When tested against the formalin-induced model (10 mg/ kg, i.p.), 5 caused moderate activity, with inhibition of 34.2 and 38.1% (Table 2 ) in relation to the first and second phase of pain, respectively, suggesting that it may be acting by some peripheral mechanism.
Another important finding was obtained in the hot plate test, by the lack of antinociceptive effect of compound 5 at 10 mg/kg, administered intraperitoneally (results not shown). It is a technique that presents a selectivity for opioid derived analgesics. 18 Although additional studies are required to elucidate the exact mechanism of antinociceptive properties of compound 5, the results observed in the formalin and hot plate tests strongly suggest that it acts in a non-opioid patway.
In conclusion, the data obtained in this study indicate that M. tomentosa leaves and branches have a significant antinociceptive effect in mice, which seems to confirm and justify the traditional use of this plant in folk medicine, as a analgesic agent. 
phytochemical analysis
Leaves and branches (800 g of each) of M. tomentosa were cut into small pieces and macerated separately with methanol, at room temperature, for approximately seven days. After solvent removal under reduced pressure, the crude extracts were preliminary analyzed by TLC (thin layer chromatography) and specific reagents, according to the previously described methodology. 19 The crude extract (leaves; 34.07 g) was then suspended in water and successively partitioned with hexane, dichloromethane, ethyl acetate and butanol, respectively, to obtain the respective fractions, according to the method previously described. 19, 20 The hexane (0.15 g) and dichloromethane (0.58 g) fractions, when analyzed by TLC, showed similar profiles, and for this reason they were combined and chromatographed on a silica gel (Merck) column eluted with hexane:acetone gradient, resulting in a mixture of the triterpenes α-amyrin (1) and β-amyrin (2) (21 mg).
Fractionation of ethyl acetate fraction (3.36 g) using a silica gel (Merck) column eluted with chloroform:methanol gradient, led to the isolation of two known flavonoids, identified as quercitrin (3) (39 mg) and isoquercetin (4) (27 mg).
The crude extract (branches; 39.3 g), obtained as described above, was also suspended in water and successively partitioned with hexane, dichloromethane and ethyl acetate. Hexane fraction (1.03 g) was chromatographed on a silica gel (Merck) column eluted with hexane:acetone gradient, resulting in the separation and purification of the triterpene arjunolic acid (5) (64 mg).
The purity of all the isolated compounds was examined by TLC using Merck silica pre-coated aluminum plates, with several solvent systems of different polarities. Spots were visualized by short-wave UV light, sulfuric anisaldehyde and FeCl 3 reagents. The identification of isolated compounds was performed by analyses of melting point, IR spectra, 1 H and 13 C NMR spectra as well as the comparison of the physical data with those reported in the literature. The molecular structures of compounds (1-4) were confirmed by co-TLC, using authentic samples. The spectroscopic data of compound 5 are similar to those described in the literature. 
pharmacological assays

Abdominal constriction response caused by intraperitoneal injection of diluted acetic acid
Abdominal constrictions were induced by intraperitoneal injection (0.6%), according to the procedures described previously 21 with minor modifications. The animals were pre-treated with the crude extract, 15 -30 min licking (s); *P < 0.05; **P < 0.01 fractions or arjunolic acid (5) from M. tomentosa (10 mg/kg) or standard drugs, intraperitoneally, 30 min prior to acetic acid injection. The control animals received a similar volume of 0.9% NaCl (10 mL/kg, i.p.). After the challenge, each mouse was placed in a separate glass funnel and the number of contractions of the abdominal muscles, together with stretching, was cumulatively counted over a period of 20 min. Antinociceptive activity was expressed as the reduction in the number of abdominal contractions, comparing the control animals with the mice pretreated with the crude extract, fractions or arjunolic acid (5).
Formalin-induced pain
The procedure used was essentially similar to that described previously. 22 Animals of the same strain were anaesthetized with ether, except when used to analyze the first phase of formalin-induced pain, and 20 µL of 2.5% (0.92% formaldehyde), made up of PBS (phosphate buffered saline containing: NaCl 137 mM; KCl 2.7 mM and phosphate buffer 10 mM) was injected under the plantar surface of the left hindpaw. The animals were acclimatized to the laboratory for at least 24 h prior to the experiments. The initial nociceptive scores normally peaked after 5 min (first phase, representing the neurogenic pain), and after 15-30 min after the formalin injection (second phase, representing the inflammatory pain). 22 The animals were pre-treated with saline 0.9% (10 mL/ kg, i.p.), or fractions and arjunolic acid (5) (10 mg/kg, i.p.) 60 min prior to formalin injection. After application of the intraplantar irritant, the animals were immediately placed in glass cylinders (20 cm diameter). The time spent by animals licking or biting the injected paw was timed with a chronometer and considered indicative of pain.
Hot-plate test
The hot-plate was used to estimate the latency of responses according to the method described by Eddy and Leimback 23 with minor modifications. The temperature of the hot-plate was maintained at 56 ± 3 °C. The animals (n=8) were placed on glass funnels on the heated surface and the time between placing the animals and the beginning of licking paws or jumping were recorded as latency of response in non-treated animals (saline 10 mL/kg, i.p.) or animals treated with compound 5 (10 mg/kg, i.p.) animals.
statistical analysis
The results are presented as mean ± S.E.M., and statistical significance between the groups was analyzed by means of the t test of variance followed by Dunnett's multiple comparison test. P values less than 0.05 were considered significant.
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